that he asked Muir for a 'subject' to work on. Muir suggested that he look into the develop ment of granular leucocytes in the human foetus. He did it, and by the time (1905) that the paper was printed he had in 1903 graduated M.B., Ch.B. with Honours; he then applied for the Coats Scholarship; no other candidate appeared, so he enjoyed the scholarship for some months, working with Muir on haemo lytic sera. His time was not heavily loaded, and gave him opportunities for seeing the run of the Department and for a postgraduate course in medical bacteriology. Apart from this his only duty was to wash red blood cell suspensions in a hand-driven centrifuge until a small electrical one was built. He also tutored several students-an activity he strongly recommended as educational.
where he was concerned, were no benefits at all". I think it would be true to say that this quotation applied to my father too, for in his Kettle Lecture (148) in 1967 he said after giving an account of his youth, "I cannot but regret that an existence so varied and enjoyable should have become impossible".
'It was in this artistic and scientific atmosphere that my father was brought up. As a young child he was bilingual, but in a few years his spoken German was dropped, and he did not study German at school, so that though he spoke it with facility and wide knowledge, his grammar gave him away, as he said himself. My grandfather has told me that when my father was young, even as a small boy, he was very seriously minded, with a great sense of self-imposed duty, and that he was devoted to his studies. It did indeed worry my grandfather that the little chap worked so hard, and this without the spur of competition. Indeed, the spirit of competition was without meaning for him, and this perhaps explains why he never approved of examinations, though he was superbly good at them. He felt that examinations ought to be unnecessary for people interested to learn, and there were no examinations in his D.P.H. course at Glasgow University; I should add that the course was no soft option. He took the greatest interest in personally supervising his students and assessing the quality of their work. The class consisted usually of some twenty-five recently qualified medical men, and a few who had returned to their Alma Mater after years in practice or in the Colonial Service. Most of them left the course as his friends for life, and he had constant letters and visits from them for years after.
'I make special mention of this, since from some of the notices [e.g., Lancet, 1972, 1, 330 , and p. 187 of this Memoir] you might suppose that he was not a very good teacher of students. I never knew him to give a lecture without the most careful preparation from notes and slides con stantly brought up to date. It is, however, true that he had little time for the person unwilling to learn. The story in one notice that he once de livered the same lecture twice is apocryphal; he may have repeated the first half-dozen lines, possibly.
'At school he was fortunate in having several outstanding teachers. It was inevitable that some should take to such an apt and, I have been told, so likeable a pupil, but for some my father had the very serious defect of a total lack of interest in athletics, since for him there was no end-product. Fine technique he always admired-billiards, golf or circus performancebut he had little interest in "sport" ; there was too much new to be found out. Certainly he did not lack the sense of fair play that playing games is supposed to develop; I never knew anyone who was less prejudiced or more fair in his dealings with others. Of his teachers he wrote sixty-five years later: "I feel fortunate in looking back on four whose effect on me has been so ineradicable and I believe beneficent, that I cannot think of myself except as bearing their impress." Many years later one of those masters told me that the young boy's ideas came to him so fast that they could not be written down quickly enough with the old dip-pen and inkwell. T. o help him his father gave him "one of the new Swan pen things, a matter which attracted the attention of the Head". Notwithstand ing the advantage that a fountain pen might give, authority relented, and he was allowed to keep it. As speed in writing appeared so important he applied himself to gaining it, and finally managed to write longhand at a slow shorthand pace-which probably explains his peculiar calligraphy. In those days it was considered that a distinguished pupil should study Arts, and the Rector regarded him as a "lapsed mass' when in 1897, Dux and triple medallist in Arts subjects, he left to take up the lowly study of medicine at Glasgow University. Medicine was regarded then as a subject for the healthy and not too bright; but he left considering it as, for him, the ideal vocation.
'I know little of his life in the University, but he worked hard. From conversations with him I gathered that his main interest was a University Debating Society, where no doubt he learned his remarkable debating skills that made him so effective in dealing with the extraordinary and virulent attacks that were made on his work on the acridines in the First World War.' Professor Adrien Albert writes: 'Browning's research career took shape when he went to work on trypano somiasis with Paul Ehrlich in Frankfurt (1906-7) . Browning brought back to England specimens of two acridines, acriflavine and proflavine, recently discovered in Germany. The former had been found by Ehrlich to be active against trypanosomes, the latter totally inactive. Browning (by now at the Middlesex Hospital) then showed that these two acridines were active against a wide range of bacteria-Gram-positive, Gram-negative, aerobic or anaerobic, and that the effect was maintained in the presence of serum proteins. Never before had a substance been found that would discriminate against bacteria in favour of the host's tissues; moreover pro flavine, which was ineffective against trypanosomes, was the more potent against bacteria, and the less toxic to human cells and tissues. The First World War led to an increased demand for antibacterial substances, and Browning and his colleagues were encouraged to renew their investigations on a wider basis. Their work led to official trials of proflavine and acriflavine, both in fresh wounds and in established infections, which showed clearly that these two drugs were of previously unattainable efficacy and blandness in the prevention and treatment of sepsis in war wounds. 'That these substances were adopted so late by the British Army was largely due to the opposition of Alexander Fleming in England and of Meleney and Zau in the U.S.A. I do not feel that their criticisms were justified. Fleming was at that time under the influence of Almroth Wright and the "opsonic index", and later conceded the value of these acridines. The beneficial results given by them in war wounds were quite striking compared with those of existing treatments, and made a profound impres sion on all who saw them. ' Paul Browning: 'I have the feeling that my father's close affinity with Frankfurt, and the fact that he was half German, were in part responsible for the difficulties he was soon to encounter in the First World War; there was no such hostility in the Second World War . . . he had discovered the remarkable antiseptic properties of proflavine and acriflavine. . . a discovery that came at exactly the right time to deal with the war wounds of the fighting in the heavily manured agricultural lands in France, which were taking an enormous toll of life through infection. Preliminary work was started in Glasgow, the main researches were carried out in the Middlesex Hospital with the greatest cooperation and assistance from the staff and the Hospital authorities. The immediate problem-to produce the flavines in bulk in this country-was solved by the enthusiasm of Sir John BlandSutton and the driving force of Sir Alfred Mond. The way, one would suppose, was now clear for the acceptance of such valuable drugs, but there was unexpected opposition to flavine. Possibly this was due to the great rivalry then existing between the London medical schools, and the authorities at the Middlesex Hospital naturally made the most of their "winner". It was a policy in which my father had no wish to take part, and he would not allow his name to be used in the press "blurbs". It is a pointer to the difficulties created for him by his hospital's policy that A. E. Boycott once wrote to him accusing him of unethical behaviour in allowing his name to be so used; but Boycott apologized when my father explained the real situation. But on reading some of the publications of the time one finds it extraordinary how great the efforts were to dis prove the efficacy of the new drugs. My father was a quiet and gentle person, but the articles of Fleming and Almroth Wright were often beyond the mark, and with his debating society skill and the sound basis of his experimental work he was finally to demolish the opposition in a letter to the L a n c e t , which to this day must stand as a model of its kind. Professor Archibald Leitch told me that at a bad time in France it provided uproariously welcome diversionary medical reading. I remember when he wrote it; he had developed one of the few colds he ever suffered from and, on the advice of a friend, had taken aspirin. He proved to be highly allergic to it, and developed a giant urticaria, and in a state resembling the Michelin man wrote the letter. He never took aspirin again, but I am sure it was responsible for making a good letter a masterpiece.
'All this period must have been very distasteful and upsetting to him, though his life was exceeding happy with his friends at the Middlesex. However, when the Chair of Bacteriology was set up in Glasgow, he was glad to leave the battlefield and return to Scotland with the prospect of a post that would enable him to pursue research peacefully and quietly.' Adrien Albert: 'After the First World War, Browning turned his attention to other hetero cyclic substances as potential bactericides and trypanocides, particularly the anil and styryl quinolines and the isocyanines; most of these sub stances were prepared for him by Professor J. B. Cohen of Leeds Uni versity. This work did not lead to the introduction of any new drugs, but it did increase knowledge of constitution-action relations, a subject on which little had been published up to that time. More successful was his work with L. Walls (then at the National Chemical Laboratories, Teddington) on the antitrypanosomal action of aminophenanthridines, which led to these substances being much used in tropical veterinary medicine.
'In 1934 I came to England to begin a Ph.D. course in the School of Pharmacy. . . . My supervisor W. H. Linnell gave me as a thesis subject a search for connexions between chemical constitution and antibacterial action in the amino-acridines. This took the form of making every possible isomer, most of them previously unknown because Cohen had not forced the amino-substituents into positions other than those into which they most readily went. Before beginning this work I wrote to Browning for his blessing and for a set of reprints and to make quite sure that he was not engaged in any similar project. I was delighted to receive a friendly and encouraging reply, coupled with the information that he had vacated the field and that it was up to younger people to till it. . . . I remained in correspondence with Browning, for whose pioneer work in [the aminoacridine field] my respect constantly increased. . . . In 1942 I made a special visit to Glasgow to visit Browning, and talked with him at great length about the testing of my new amino-acridines in vitro and , and on the pathology of war wounds. He indicated that my bacteriological colleague S. D. Rubbo of the University of Melbourne and I were pro ceeding on sound lines; shortly after my return Rubbo and I got the military authorities to adopt our substance 9-amino-acridine (5-aminoacridine in the nomenclature of that time). This was the first non-staining acridine antibacterial-now in the British Pharmacopoeia under the name Aminacrine.
'The introduction of the sulphonamides and penicillin eventually led to a fall in medical interest in the amino-acridines, but even long after his retirement Browning never ceased to write of their advantages for topical use and to advocate their wider employment. He was naturally dis appointed that they proved unsuitable for systemic use as antibacterial agents, but in this sphere sulphonamides and the antibiotics had established their superiority.
'In other conversations with Browning during a ten-year period I spent in London, and in a constant correspondence, he told me much of interest about the personality of Paul Ehrlich, and how he ran the Georg Speyer Haus laboratories in Frankfurt. Browning told me that the discovery of therapeutic interference (the phenomenon whereby an inert substance 180 prevents the action of a potent chemically related drug) was discovered by Miss Gulbransen and himself in Ehrlich's laboratory in 1907, but that Ehrlich could not be persuaded to take an interest in it. It is now, of course, recognized as one of the standard phenomena of chemotherapy, and it dealt the first blow to polypharmacy-the practice of administering several drugs at the same time.
'In personal contacts I always found him very friendly: a modest man with a passion for his subject, an internationally minded man in whom no parochial sentiments existed, a man with an exquisite understanding of human nature in all its strength and weaknesses. ' Paul Browning: 'This ideal state of affairs [peace, quiet and research in Glasgow] con tinued until the outbreak of the Second World War. Even then the Depart ment of Health (Scotland) proved to be highly enlightened and cooperative to work with. The Emergency Laboratory Services were set up and operated with the greatest efficiency, and this lulled him into a false sense of hope on the prospects of the forthcoming National Health Service. (It has to be remembered that, after the Health Act, the National Health Services in England and Scotland operated separately; the latter is something of a hotch-potch, even now.) From the advent of the Health Service in 1948 till my father retired in 1951, inefficiency, frustration and administration steadily increased. Opportunities for research diminished, and as he was highly conscientious he was more than pleased to retire. In those last years he would often remark "it is easy to shine in administration, it is so badly done". 'I believe that, had he had the facilities and finance his research work would have been continued actively for several years longer. He was a person who greatly admired those who continued to do research work after having been established in senior posts, rather than hanker after a life of committees. It was interesting to observe over the years his reaction to the two classes of assistants he had had-"those who worked and those who ceased to work". . . . It would be invidious to quote examples of those he found wanting, but in his own, one might almost say, artistic field, he had the greatest admiration for the way in which A. C. Lendrum "worked until he retired, but had not retired from his work" .
'Finance for research work had always been a problem for him. He was grateful to the Medical Research Committee for what in those days was very generous help, and he also appreciated highly the assistance he received from Imperial Chemical Industries, who early adopted a most enlightened policy to research work in the academic world. (I might mention in passing that while he believed in the need for "team-work" in modern science, he also devotedly believed in the need to support the single individual with ideas.) Even so the support accorded to research in the 1920s and 1930s was meagre. He accepted that in Britain it was the times, but it was not what he had seen in pre-war Germany, and it was in contrast with what was already happening in the U.S.A. He lived to see the change come here but not, unfortunately, to participate in it. . . . As far as his own work was concerned, he always held that to obtain the best results it was better to have a staff that was too small rather than too large, as it was easier to maintain the necessary close contact with what was going on. . . .
'Work was to my father a hobby and a pleasure, and I have never known anyone work harder. Until very recently he was still writing, and even now [1972] proofs of articles for an American encyclopaedia are in the press. To the end he kept up to date by intensive medical reading. In his earlier days the sheer amount of reading he got through was enormous. He maintained that his memory was not particularly good, and that what he accomplished was just a matter of hard work; no doubt he believed this, but nobody who knew him well could easily accept it. Once he had read an article the source was recorded in his mind and the material assimilated for good. He did not have a "photographic" memory, and to memorize a piece of poetry . . . was for him very difficult, as was the practice of accurate simple arithmetic. To check the latter, he carried a small log table in his head, but higher mathematics was a very different matter, a relaxation for him. He remembered almost eighty years after all the subjects he had studied at school in the most amazing detail, and could have taken a class in Latin prose any day. . . . As an example of the way he worked, he told me that when he first became attracted to chemo therapy, he studied organic chemistry (and especially dye chemistry) for ten years in almost every moment of his spare time, and I know the way he would have done it. He would pace up and down reading while waiting for a bus or a train or a meal, or while walking in the street. He could even write while travelling in the busy tube and had the ability to dissociate himself completely from his surroundings.
'His fields of interest were wide, for apart from scientific subjects he got the greatest pleasure throughout life from literature, art and especially music. He played no instrument, having given up the piano when his mother died, but he maintained that to acquire sufficient tech nical ability would have taken up too much time. . . . His taste was catholic, from Monteverdi to Richard Strauss, though the Austro-German composers and Chopin were his favourites, to which he would add a few individuals, especially Italians. All musical forms especially chamber and piano music were to his liking, but not oratorio. . . . He was apparently unable to sing a note, and I never even heard him try. He could not whistle either, and I remember him tell of an occasion when he and a friend took a dog out for a walk and lost it because neither of them could whistle! 'My father was of slight build; twenty years ago he was only 5 ft 6 in. in height; for most of his life his weight had remained unaltered, [so that] he was able to wear the same evening clothes for some sixty-five years. He was 182 much attached to his clothes, not from vanity, but for comfort. His wife during her lifetime, and then my wife, was always sorely taxed to get him to wear a matching suit of coat, waistcoat and trousers when he went out; they seldom succeeded. My mother never let him forget that when he arrived in church to be married he was all spick and span, except for an old pair of heavy gardening shoes; she had a constant reminder, as he kept the shoes for some fifty years after for use in his garden, of which he was extremely fond.
'. . . He enjoyed the best health of anyone I have ever known; he vir tually did not know the meaning of illness. He had never had a headache in his life, and would question people as to what it felt like, and would view with puzzled interest any members of his family laid low by illness. As a child he had an attack of scarlet fever (which his Insurance Company never forgot!), but apart from that he was never really unwell. He enjoyed good food and wine, but was most moderate, and throughout his life daily consumption must have been fairly close to the minimum necessary to sustain life. Perhaps this and his lifelong habit of walking several miles a day contributed to his fitness. He was a non-smoker, not on principle, but because his father had told him not to [smoke] , as it was a bad habit.
'He was a wonderful raconteur, with an immense stock of interesting stories going back to the end of the last century. He had known so many of the pioneers in medicine that he brought to life for one people who were mere textbook names. It is a pity that he never wrote up his reminiscences, but he was always too occupied and felt that they would be of little interest to others. He should have done, however, for he was in great demand as an after-dinner speaker, but he regarded these occasions simply as highly enjoyable meetings with old friends and pupils.
'He was an ideal parent when I was younger; he later became a col league, for I had become a bacteriologist against his advice and my own better judgement! So speaking of him as my father soon gave way to calling him "the Professor". As I grew up he came to constitute my idea of what a professor should be-someone of a very kindly nature who appeared to know almost everything about anything. Comparison with other great professors has never led me to change it.' Dr Janet Niven:
'My aim is to pay tribute to a man whose personal qualities over a long period of time exercised a special influence on all those who came in contact with him. He became a member of the Pathological Society in 1910, served on its Committee three times between 1922 and 1959, and until some time after his retirement was a constant attender at Society meetings. In his earlier days, I am told, he was a rather severe critic of communications that he considered fell below the standard the Society was entitled to expect, but, as many will remember, in his later years his criticism, if not exactly accompanied by praise, was usually tempered with encouragement.
'When he first took up his duties in Glasgow his lecture classes were distinguished by a degree of boisterousness remarkable even in a Scottish University. As time passed, however, a mutual toleration grew up between instructor and instructed. On the non-instructional side of student life [things were very different and] he soon became one of the most soughtafter guests at undergraduate functions, especially if speeches at pro fessional level were required, when his dry wit and kindly humour were much enjoyed.
'A very different [state of affairs] existed from the beginning in his relations with laboratory workers in his own and other biological fields, and with clinicians with problems in infectious disease or surgical pro cedures. There were often lengthy tea sessions in the Library shared by Pathology and Bacteriology, which was often a meeting ground for hospital clinical staff and laboratory workers. Browning was extraordinarily patient and kind to the questioning, inquisitive research worker in his own depart ment or elsewhere.
'He was also most helpful in the preparation of manuscripts, and I vividly remember the guidance he gave me in the writing of my first paper; he always seemed to be around with time to help. Similarly, for Society meetings, he was a most wise counsellor, indicating to the inex perienced how papers could be made more elegant and effective.
'Although unwilling by temperament to involve himself in matters of clashing personalities, he was utterly upstanding in his support for a person or cause when matters of principle, either scientific or adminis trative, were involved. His great affection for the German people was much saddened by two World Wars, and especially by those events in Germany preceding World War II. It is not generally known that he was personally responsible for the search to find Ehrlich's widow, who had been forced to flee from Germany after the rise of Hitler.
'On one's periodic visits to Glasgow after 1946, Browning always appeared unchanged; indeed he never seemed to get any older-something perhaps due to the fact that he continued to wear the same sort of clothes one had seen at the first encounter in the 1920s; when in the laboratory he always wore the characteristic black alpaca jacket, never the ritual white laboratory coat. But the affection elicited by this changelessness in superficial things was far exceeded by the realization of his persisting integrity of character, his complete freedom from bigotry and partisanship and his objective outlook on all subjects, not only in Science but also in human affairs.' Dr J. Ferguson Smith:
'I first spoke to him in 1909, when I was a student in the practical bac teriology class and he was a demonstrator. A friend had given me a rather good slide of typhoid bacilli stained for flagella, and I waited till the end of the class to have a good look at it; Browning came to ask what was interesting me. He looked and said, "A thing of beauty!" I next saw him Yes, you might get Commendation for that" in that subtly disparaging tone he used so well, implying that mere Commendation was something one did not touch with a barge-pole! Another of his sayings that has lingered in my memory was that anyone with the time to spare could make a lot of pro fessional capital out of disproving most of the fundamental principles of bacteriology. He had a keen sense of humour, but did not often indulge in epigram making. Instead, he had an enormous fund of stories, and could produce one to fit almost any topic or occasion.' Professor A. C. Lendrum:
'Did he hear his own particular pronunciation ? Protein was always called protean, agar was ahgr, and he was overheard telling an enquirer the correct way to pronounce a third person's name whom he designated in the same sentence with his own particular pronunciation. At tea in the Department part of his ritual was to clean his glasses with the free edge of the tablecloth, an activity that commonly set off a reflex "O w . . . " (on a high-pitched note) "as Ehrlich used to say, . . . " followed by some aphorism, which may well have owed as much to him as to Ehrlich. For example, "The man who reads all the literature will never do anything", or "If a clinician wants to do any research, provide him with a bench; very few will keep at it". If they did, he was generous with his help and would have them to a Browning evening with China tea, some Chopin from the pianist daughter, and wide-ranging conversation. His help to the younger members in the writing of papers was unstinted, repeated drafts being decorated with the "wee man's balloons", many of which with their trailing ropes had to find a place on the back of the sheet. The remarkable thing was his delight and excellence in editing histopathological scripts; he was fond of saying "The bacteriologist who doesn't know his morbid anatomy isn't really respectable". Every now and then he would amble about 6 p.m. into the surgical reporting room with the query "Have you anything to show me ?" The unusual and the technically good always thrilled him, and his aesthetic sense probably contributed to the high regard he had for the conscientious and the original technician. He had unswerving respect for his senior technical colleague, whom he later described as "most admirable, but not exactly a martyr to amiability". 'He was an avid and rapid reader of the medical literature and kept his colleagues in mind; the little slips of paper that appeared on their desks were usually to the point. Although he was not given to manly activities, the extracurricular books he recommended to this colleague were essentially masculine, e.g. Tristram S h a n d y , Santayana's autobiographical Person places, or James Stephens's A crock of gold. The last apparently appealed strongly to him, and this surely reveals entrancing things about him. It is sad in a way that the fascinating aspects of his character were trapped within when he spoke to a class, even to the graduates taking the excel lent D.P.H. course. He was certainly at his best with one, or at most two [people] . The sculptor Benno Schotz, who caught the elfish sparkle in the head presented to Browning by his colleagues and friends, was asked to speak at the presentation: he thanked the presenters for "the great privi lege of being allowed to sit at the feet of Professor Browning".
'He was exciting, for platitudes never reached his tongue-thanks perhaps to the Celtic thread in his make-up, the gene that responded to the Crock of Gold. How strange it was that the man who rendered the Wassermann reaction completely unintelligible was able to turn his colleagues' tangled scripts into pellucid prose. After retirement he enjoyed maintaining his links by correspondence as rich as ever in stimulus and shared interests, recommending books and erupting fresh aphorisms, e.g. "The philosophers of today might be best employed studying how to preserve the pre-school child's delight in learning" . To a colleague who came to tell him about receipt of a research grant, he said, "It's extra ordinary what some people can achieve with talk, and even more amazing if they also can work".
'In one letter to me he described the correspondence of his grandfather with Noel Paton the artist, who lived in Dunfermline. A letter on some point of theology would be brought to the manse by a messenger on horse back, and while he and the horse received refreshment a reply was written by the minister. His grandson's replies were not so rapid, but even a delayed reply had the sparkle of intimacy.' Professor P. R. Peacock:
'My long association and friendship with Carl Browning stemmed from the fortunate chance that he bought one of the last newly-built houses in Stormont Road, Highgate, next to my father's house. This was in 1915 and I was still a pupil at Highgate School; Professor Browning and my father often walked up Hampstead Lane together and I accompanied them as far as the School, profiting from their stimulating conversation of every conceivable subject. Though I was twenty years younger than Professor Browning I was drawn into the close and lasting friendship that still persists between our families.
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'As I was hoping to make medicine my career it was natural that Pro fessor Browning should show me his department at the Bland-Sutton Institute, where I was thrilled with the idea of research, and this undoubt edly determined my choice of the Middlesex Hospital (in those far-off days one could actually select one's training school!). In 1918 I began work as a medical student, and though never a pupil of Browning's, I was frequently privileged to hear him discussing medical problems in the evenings at his home or ours.
'Browning had shown, in a typically brilliant and simple experiment in collaboration with Sidney Russ, that the bactericidal range of ultraviolet light was between 300 and 220 nm ; this he did by substituting an agar plate flooded with Escherichia coli for the photographic plate in a quartz spectroscope. After exposure to the rays from an arc lamp and incubation of the plate, the position of the spectral lines appeared as sterile areas in the culture between the limits mentioned, whereas the "near ultraviolet" at 400-300 nm failed to inhibit bacterial growth. Russ, though professor of physics, had a keen interest in all aspects of radiobiology and encouraged students to work, in their spare time, in his research laboratories, and Alan Moncrieff and I were privileged to take part in some of the exciting work in this rapidly developing field of research to which Browning had introduced us.
'Browning soon left London to go to Glasgow, but he was a frequent visitor to our house when on medical visits to London. When, in 1928, I was appointed to the Glasgow Royal Cancer Hospital (now the Royal Beatson Memorial Hospital), I and my wife were often invited to the evening conversaziones that the Brownings held in their flat in Southpark Avenue, where we met many new colleagues. As we had at this time no other friends in Glasgow, we were the more grateful for this link with the immediate past. Many years later Browning became a member of the Research Committee of the "Beatson", and once more I had many occasions to discuss the thorny problems of cancer with my old friend. Long after his retirement he continued to be a member of the Committee and often visited my department also in an unofficial capacity, when all members of the research staff profited by the chance to hear his views on any aspect of their work that they cared to discuss.
'Browning was never too important to listen to the most junior col league, if he or she had a serious idea to put forward; but he was quick to spot, and to debunk, anything ill-considered or ill-founded, but with a twinkle in his eye, and never unkindly.
'Though unusually well informed on all aspects of pathology and medical research, Browning was not directly concerned with experimental cancer research, but he demonstrated (with Gulbransen and Niven) the potential carcinogenecity of a benzoylamino quinoline styryl compound. This work came at a most opportune time, when practically all the recog nized chemical carcinogens were fat-soluble polycyclic hydrocarbons, though jS-naphthylamine was known to be carcinogenic in man.
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This new " Styryl 430" was water-soluble, but precipitated on contact with serum and left a mass of purple "oil-paint-like" material at the site of subcutaneous injection in mice; it caused little reaction in most mice, but was followed by a slow phagocytic reaction in which sarcoma developed about a year later. Comforting theories about the chemical similarity of many polycyclic hydrocarbons that were carcinogenic for several species of rodent and for fowls were rudely shaken by this piece of work. Inci dentally I found that though the substance produced a similar phagocytic reaction in fowls (allowing for the fowl's cytological differences from mammals, it did not provoke any tumours in them over several years of observation).
'After my own retirement I kept up correspondence with Browning to within a few weeks of his death. The last occasion we met was when he came, with his son Paul, to see us off from Renfrew Airport on a trip to Canada; it was characteristic of his kindness to undertake what most would consider a quite unnecessary gesture of friendship, at the age of 89! Not so Carl Browning, a great savant and a true friend.' Lastly Professor J. A. Milne:
'My knowledge of Browning extends over three periods: first just after I qualified, when I was working in bacteriology as McCunn scholar with the late Iwo Lominski; second when I worked in the Pathology Depart ment with Professor Capped, and last, some years later, when he used to come to see me occasionally for afternoon tea, and when, later, I had him as a patient. 'As a teacher of undergraduates he was an exceptionally dull lecturer, but as a teacher of individual postgraduates or small groups he was so good that it was hard to believe that he was the same individual. During the year I worked with him on the McCunn scholarship I gained the impression that he was quite unapproachable, and that the very junior staff were rather frightened of him ; so much so that when I took some holiday to get married I was advised not to tell him. A few days after I returned from my honeymoon I was aware that someone was standing beside my micro scope. I turned round, and the "wee man", as he was known, said to me in a very embarrassed voice that I might have told him I was getting married. He roughly pushed an envelope into my hand and fled, blushing furiously. When I opened the envelope I found that it contained a very generous cheque. It was the first indication I had of the intense kindness and generosity of the man. It became obvious during the course of the year that bacteriology was not my subject, and that I was more interested in pathology; when he found this out, he gave me considerable help in getting into my chosen field. My outstanding recollection of him during this period was his appearance at afternoon tea, where each day he would discuss in depth subjects from archaeology to zoology, and it seems to me (allowing for the passage of time and the impairment of my memory) that he had an almost encyclopaedic knowledge of all of them.
'Another feature of this period, which lasted for some seven years, was an inexhaustible store of anecdotes mainly concerning people; during this time I don't think I even heard him repeat one. To people like myself he gave a great deal of insight into people who were otherwise just names. As an example, he was reminiscing one day about Bordet and his obsession with sterility. Bordet apparently carried in his pocket a spirit lamp, and if he was eating out he flamed his knife and fork and also the bread he ate. The extent to which he carried this was illustrated by Browning's astound ing observation, when he was sitting next to Bordet at the official dinner of an International Bacteriological Congress, that Bordet flamed a portion of baked trout placed in front of him ! 'During this period he gave a tremendous amount of his time and expertise to young men, both in the pathology and the bacteriology departments, on their research problems, and impressed on all of us the necessity for and the difficulties of setting up adequate controls. His frankness at times was a little off-putting. I remember once asking him for his advice on a research project involving complement. He thought for a minute, and taking his glasses and weighing them in his hand-which was so characteristic-said: "Well now, the only advice I would give you on research on complement is 'Don't'! " I can now appreciate how per ceptive he was when, as I returned to the Department flushed with the success of obtaining my London Membership, he stopped me in the corridor to congratulate me "not on your knowledge but on your ability to delude the London examiner"-something I now see as being very true.
'In the past ten years he had visited me occasionally, just dropping in for a chat, and it was obvious that even until shortly before his death that his mind had lost none of its scientific acumen or its amazing ability to see right to the centre of a scientific problem far removed from his own field. He became much more philosophical at this period, in some ways resem bling Bertrand Russell. One day when we were talking he asked me whether I had faith in something. I replied that it depended on what he meant by faith, to which he replied, "I mean that faculty with which we believe what we know not to be true". I don't think this was a Browning original, but in some ways it seems to sum up his philosophy in his latter years.
'Some two years before his death he consulted me about a large stasis ulcer on his leg. When I asked him how long he had had it, he replied that it had been there for some sixty years, and that he could not under stand why it was spreading, because he was treating it regularly with antibiotics. When I explained to him that infection of these things was secondary to the ulcer and not the cause of it, he looked at me in amaze ment and said that this had never entered his head, which seemed a strange contradiction for such a brilliant scientist. I suppose, however, that it underlined the frailty of human beings when it comes to themselves.
'My impression of Carl Browning was that he was a man of extreme kindness and generosity, the most brilliant man it has ever been my privilege to talk with, and that it was a great privilege that I was allowed to get to know him so well.'
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Scientific work
The granular leucocytes of the blood The subject of Browning's first independent paper (3) was suggested to him by Robert Muir. In it he shows that though in adult bone marrow non-granular leucocytes are few, in embryos of 3^ months' gestation numerous large mono nuclear phagocytic cells with pale-stained ductile cytoplasm and numerous mitoses are present; these hyaline cells may fuse to form giant cells. The granules of cells that will later become eosinophils are first basophil, then mixed and finally oxyphil at 6 months' gestation, by which time polymorphs are present with first basophil, then neutrophil granules. By 4 -5 | months the proportion of large hyaline cells is falling. In the thymus fair numbers of eosinophils are present, mostly in perivascular tissue, seldom in vessels; mitoses are present. In the liver, eosinophils are present in perivascular connective tissue and around the umbilical vein at 10 weeks; by 6 months hyaline and finely granular cells are more numerous than eosinophils in these areas. No conclusions can be drawn about the spleen. Browning concludes that the large hyaline cells are undifferentiated leucoblasts.
Then in 4 he reports a case of mixed cell leukaemia and, by reference to the normal development of foetal marrow (3), regards it as a malignant reversion to the foetal state-i.e. a tumour of undifferentiated leucoblasts with differen tiation in two directions-to granular cells and large lymphocytes. Strictly, therefore, it is not a case of mixed-cell leukaemia, though such cases may develop malignant change in cells already committed to both granular-cell and lymphocytic pathways.
Immune b o d y
, complement and complementoids Some years before Muir & Browning started their work, Bordet had shown that haemolysis of sheep red cells by fresh sera obtained from animals into which sheep cells had been repeatedly injected depended on the presence in the serum of a specific thermostable antibody against the red cells (amboceptor, immune body = IB) and a thermolabile substance, present in normal as well as in immune sera (alexin, complement = C). Complement was supposed to possess two important end-groups-a haptophore that combined with the IB and a toxophore or zymotoxic group that damaged the red cell 'sensitized' with IB.
Muir & Browning (1) showed that it was possible to produce an anti-guineapig-complement in rabbits. By various ingenious quantitative techniques they showed that this anti-C combines with guinea-pig C, and to a less extent with rabbit C. The combination was of low affinity and was readily dissociated by red cells in the presence of IB. These observations, with the finding that sheep 190 red cells coated with IB were haemolysed equally by guinea-pig or rabbit C, suggested that the haptophore groups of the two complements were similar. They then supported this view by showing that excess of rabbit complement could compete with guinea-pig C for attachment to sensitized red cells, and even displace it from combination, and vice versa.
Their next observation was that 'complementoids' produced by heating complement-containing sera at 55 °C for 30 min do not haemolyse sensitized red cells, though they combine with them and can be displaced from them by excess of the corresponding complement. Moreover, when complementoids are injected into appropriate animals, anti-C antibodies are produced. As might be expected, complementoids combine with anti-C, but are readily displaced from combination by excess of complement; the affinity of rabbit complementoid for anti-C appears to be about the same as that of rabbit complement, that of guinea-pig complementoid much less than that of guinea-pig C.
In 2 Muir & Browning suggest that we might regard C as a toxin, sensitized red cells as the object or target, and haemolysis as the indicator of toxic action. Usually the variation in efficiency of C from different species had been ascribed to differences in affinity for IB, i.e. to differences in the haptophore groups, but they support the alternative view (variation in toxicity of the zymotoxic group) by showing that complement from rabbits is equally haemolytic to sensitized ox and guinea-pig red cells, but much less haemolytic to sensitized rabbit red cells; guinea-pig C is markedly haemolytic for ox red cells, is only about onethird as haemolytic for rabbit red cells, and one-tenth as effective against sensitized guinea-pig red cells. Ox complement is about equally effective in haemolysing sensitized rabbit or guinea-pig red cells, but will not haemolyse sensitized ox red cells at all. They test the hypothesis that there may be a variety of IB's, one combining with rabbit C and another combining with guinea-pig C, and find a little evidence for it, but also find that clean-cut experiments are far from easy to do, and doubt the value of the evidence they have. The failure of ox complement to haemolyse sensitized red cells is, they suppose, due to absence of complement receptors on the red cells. They men tion Ehrlich's 'horror autotoxicus', and suggest that even if auto-antibodies are produced, the limited effectiveness of the producer's C may reduce their lytic activity.
In 5, after showing that the amount of guinea-pig complement required to haemolyse sensitized ox red cells is greater if the cells are suspended in heated guinea-pig serum, they test the natural suggestion that complementoids pro duced in the heated serum interfere with the attachment of complement to red cells by substituting for heated serum serum from which complement has been removed by absorption on an antigen-antibody complex. They find that the amount of complement needed if the sensitized red cells are suspended in heated serum is always greater than that for cells suspended in serum decomplemented by treatment with antigen-antibody complex, and conclude that complementoid interference in heated sera accounts for the difference. 1 hey also produce an anti-IB serum, and show that IB treated with it still attaches readily and to the same extent to the specific red cells, but does not allow haemolysis by normal amounts of complement; nor is complement taken up by red cells so coated unless the amount of C added is large. Complement does not interfere with combination of IB and anti-IB, but normal rabbit serum will displace anti-IB from cells coated with IB and anti-IB, and then more complement can be taken up.
Muir & Browning (6) then follow up an observation made casually in 2, that ox red cells sensitized with rabbit IB and treated with rabbit or guinea-pig C undergo lysis, whereas if the recently sensitized ox red cells are treated with ox C, no lysis at all occurs, but only gross agglutination. The agglutination passes off in 5-6 h at room temperature; addition of more ox complement restores the agglutination, but IB has no such effect. There is an apparent temperature effect: agglutination occurs in the system at room temperature as much as at 37 °C, but at 0 °C no agglutination is visible to the naked eye; but if the red cells are centrifuged out, the clumps so formed cannot be separated by shaking.
Interestingly enough, if ox red cells are treated with rabbit IB for 1 h, and then ox complement is added, the sensitized red cells are lysed, but the stromata so formed are agglutinated. Moreover, if guinea-pig red cells sensitized with rabbit IB are treated with ox complement at 0 °C they do not undergo lysis. If normal ox serum is heated to 55 °C for 30 min agglutinating and haemolytic activities are lost, so that both are presumably due to complement. [This curious agglutinating activity of normal ox serum to sensitized ox cells is prepresumably that now called 'conglutination '.] In 13 Muir & Browning show that when attempts are made to filter fresh guinea-pig sera through small (55 mm) Berkefeld candle^ most or all of the complement is lost; nor can complement be recovered by passing saline through the filter or by smashing the filter and grinding it up. If one filters normal guinea-pig serum through a filter, washes the filter and then filters a second batch of the same serum, more complement passes through the second time. If a filter used for complement is washed, heated to a dull red heat, cooled and used to filter complement, about 10% gets through. Filtration of guinea-pig complement through a filter is improved by previous filtration of inactivated normal rabbit serum, by 5% NaCl, but not by 0.85% NaCl or egg-white. If amboceptor and complement are filtered together all the amboceptor passes the filter, but hardly any of the complement.
Then in 26 Browning & Wilson show that the properties of haemolytic amboceptor vary with the duration of immunization of the animal supplying it. Thus if rabbits are immunized by intraperitoneal injection of washed ox red cells and amboceptor is obtained from them at various times after convenient numbers of injections, it can be used to haemolyse ox red cells in the presence of normal guinea-pig serum absorbed with ox red cells to remove natural antibody. The amount of complement absorbed in the reaction when a standard number of minimum haemolytic doses of amboceptor is used to sensitize the 192 red cells is much less in the earlier than in the later stages of immunization. Dilution of these sera with inactivated normal sera does not alter their com plement-fixing power, so presumably there is some molecular change in amboceptor as immunization proceeds. Complement-fixing activity may remain high after amboceptor activity has fallen considerably. In 10 Browning goes into the relations of normal and immune opsonins to complement. Normal opsonins are thermolabile and non-specific, and are removed from serum by antigenantibody complexes, in all of which respects they resemble complement. Immune opsonins, by comparison, are thermostable and specific to the relevant antigen. Browning shows that if guinea-pig or rabbit sera are diluted 1 in 6 to 1 in 11 with water and incubated at 37 °C the complement is destroyed and so are the normal opsonins; immune serum similarly treated is still opsonically effective, though there is some reduction in opsonins.
On the other hand, though at 37 °C treatment with Staphylococcus aureus removes all normal opsonin and all complement, at 0 °C all opsonin is removed but some 10% of the complement is left. There may, as Muir & Browning had suggested in 2, be several more or less specific complements.
If staphylococci treated with fresh guinea-pig serum at 0 °C and washed free of serum are mixed with fresh guinea-pig serum treated with cocci at 0 °C the opsonic effect is greater than is given by treated cocci without serum or by untreated cocci with treated serum.
Then, in 7, Browning & Sachs examine the question whether anti-amboceptors remove complement from systems in which they combine with ambo ceptor, or whether they are really anticomplement sera also. To do this they set up an experiment with two parallel systems, one (series A) in which a range of amounts of inactivated goat anti-rabbit serum made up to constant volume with inactive diluent is mixed with 1^ complete lytic doses of inactivated rabbit anti-ox-blood antiserum (rabbit amboceptor) and another (series B) in which the inactive rabbit amboceptor is replaced by inactivated goat ambo ceptor (goat anti-ox-blood antiserum) and some inactivated rabbit serum. The mixtures are allowed to stand for 45 min, then 1 ml of 5% ox red cells is added to each tube, and the mixtures incubated at 37 °C. The red cells are then centrifuged out and washed, and treated with guinea-pig complement. The amount of goat anti-rabbit serum needed to prevent a precipitate of rabbit amboceptor-goat anti-rabbit from forming in series A, and thus removing C, was 0.025 m l; in series B no precipitate is formed, so no goat-anti-rabbit serum is needed to prevent it and no C is removed. Haemolysis therefore occurred first in the tube containing 0.025 ml of anti-amboceptor in series A and in that containing no anti-amboceptor in series B. The authors conclude, therefore, that only anti-amboceptor is involved in this experiment, and no anti-complement.
The next two papers (29, 32) are concerned with the possibility that com plement is the activating factor for haemolysis by cobra venom. Red blood cell cell stromata, obtained by heating red cell suspensions at 55 °C, will, when mixed with the corresponding anti-red-cell serum, remove complement from fresh guinea-pig serum without removing the cobra-venom activator; red cells coated with amboceptor have the same effect. Bacteria coated with homologous antibody give very variable results; filtration reduces both activities.
If fresh guinea-pig serum is treated with carbon dioxide, a precipitate of complement midpiece, containing part of the serum globulin, is produced; the supernatant contains endpiece, mostly albumin. Solutions of the midpiece precipitate in 0.85% NaCl have no haemolytic activity against sensitized red cells, but a mixture of midpiece and endpiece in their original proportions often has almost as great a haemolytic activity as the original serum. If midpiece or endpiece is added to serum absorbed with red cells and amboceptor, sometimes neither has any haemolytic activity, sometimes endpiece is effective alone, sometimes endpiece is very effective and midpiece very weak. If fresh guineapig serum is absorbed with staphylococci, haemolytic activity against sensitized red cells is removed, but not cobra-venom activator. Midpiece is sometimes active against sensitized red cells, inactive against cobra venom; sometimes endpiece has these properties. Filtered serum cannot be 'resuscitated' by either midpiece or endpiece to either activity. There are therefore probably several factors in complement as well as midpiece and endpiece-one of which may possibly be the third component of Ritz. Paper 32 shows that as neutralization of C 0 2-separated endpiece with NaOH does not recomplement it, the view that its inactivity in haemolytic systems is due to its acidity cannot be true.
Browning & Mackie (38) show that, when complement midpiece and endpiece obtained by saturating fresh guinea-pig serum with carbon dioxide are fractionated with ammonium sulphate, midpiece can be separated into euglobulin and some pseudoglobulin, and endpiece into albumin and the greater part of the pseudoglobulin. Neither midpiece nor endpiece pseudoglobulin haemolyses sensitized red cells, but a mixture of them has almost the same activity as the original serum.
Silicic acid precipitates all the globulin from fresh guinea-pig serum; most of the precipitate is soluble in 0.85% NaCl, but the suspension possesses the whole of the cobra-venom activating power of fresh serum, though only mid piece is present; endpiece must be added if immune haemolysis is to occur, so presumably cobra-venom activation depends on some factor other than com plement. Certainly the haemolysis-encouraging effect of fresh serum on mixtures of red cells and triphenylmethane dyes does.
Dialysis of fresh serum against tap water, or such dialysis after fractionation with ammonium sulphate, leads to a considerable reduction in the deviability of complement without any change in its capacity to haemolyse sensitized red cells, so one must conclude that these two activities are independent functions of serum.
Morgenroth's suggestion that complement should be kept frozen at -12 °C to prevent its deterioration is supported; but, later Browning & Dunlop (83) recommend complement freeze-dried at -10 °C by the method of Hartley, Eggleton & Okell (J. Path. Bad. 1923, 26, 53) as a stable reagent with g deviability.
[The 'activation' of cobra venom in haemolytic tests is far more likely to be due to its enzymic activity on serum lecithin or lecithoprotein, from which it splits oleic acid to produce lysolecithin, which is vigorously haemolytic; lecithin itself 'activates' the venom, no doubt by the same mechanism.]
The Wassermann reaction and syphilis The papers on complement are followed naturally by those on the Wasser mann reaction, which needs some preliminary explanation. When this reaction was first developed it was assumed that it was a complement-fixation test for antisyphilitic antibody. As the spirochaete of syphilis could not be grown, extracts of congenital syphilitic foetal liver, which contain vast numbers of spirochaetes, were used instead as antigen; the antibody would be expected to appear in the inactivated serum of syphilitic patients. Mixtures of antigen and antibody would remove complement from normal guinea-pig serum, so that after appro priate incubation the mixture would no longer haemolyse sensitized sheep cells-the positive Wassermann reaction or W.R. These expectations were realized: the sera of syphilitic patients gave a positive W .R.; those of non syphilitic patients did not. Unfortunately for simple ideas, it was soon found that extracts of normal liver were just as effective in the W.R. as those of congenital syphilitic foetal liver, and it became clear that the reaction could not be specific for anti-syphilitic antibody; it was natural to try to find out what the active 'antigen' in normal liver was.
In papers 18 and 19 Browning, Cruickshank & Mackenzie show that hot ethyl acetate-extraction of evaporated alcoholic extracts of normal liver yields an insoluble precipitate, which is discarded, and a hot-ethyl acetate-soluble material, which on standing at about 2 °C overnight yields a cold-ethyl acetateinsoluble and a cold-ethyl acetate-soluble fraction. The first behaves in most respects like lecithin; it forms a permanent emulsion in 14% ethanol in 0.85% NaCl, is only slightly lytic, is not anti-complementary, and activates cobra venom; the second is not identified, but may be cholesterol: it gives a turbid unstable emulsion in 14% ethanol in saline, and is more lytic to red cells; small amounts activate cobra venom, but large amounts reverse cobra-venom activation by lecithin; it is markedly anticomplementary, but this activity is reversed by lecithin and by inactivated normal serum.
They then show that if an emulsion of lecithin and cholesterol is made in saline and used as 'antigen' in the W.R., the sensitivity of the test is greatly increased-i.e. more complement is deviated when W .R.+ sera are used as antibody. Normal (i.e. non-syphilitic) sera do not, when tested against a lecithin-cholesterol 'antigen', deviate more complement than they do in stan dard Wassermann tests.
In papers 14 and 16 Browning & Mackenzie point out once more that absorp tion of complement by lecithin-cholesterol emulsions depends on the comple ment sample used-old complement is not absorbed, fresh complement isand on the turbidity of the emulsion; the more turbid the emulsion, the more complement is absorbed. In 14 they set out their recommended test, and further claim that the only probable cause of a positive W.R. in temperate climates is syphilis.
In 16 they point out the difficulty of demonstrating spirochaetes in tissues by the usual Giemsa and silver-impregnation methods and also that the serum of many parasyphilitics is W .R .+ ; the cerebrospinal fluid is W .R.+ only in tabes dorsalis and general paralysis. In a comparison between trypanosomal infections (in which there is an acquired immunity that does not kill off all the infecting organisms) and syphilis, they suggest that the same may be true in syphilis, but that there is no certainty about it, as there is in typhoid and meningococcal infections. They, however, suggest that human immune serum might be used intraspinally after extraspinal organisms have been killed by drugs.
In 21 Browning claims that a syphilitic serum that fixed 8 effective doses of complement when tested against lecithin as antigen fixed 24 doses against lecithin-cholesterol emulsion or crude liver extract, whereas normal serum that fixed 9 | standard doses of complement when tested against lecithin antigen4' fixed the same amount when tested against lecithin-cholesterol emulsion or crude liver extract.
Browning & Mackenzie (24) then turn to the treatment of a series of cases of syphilis with salvarsan. They found intravenous injection better than subcu taneous, and obtained good results up to the tertiary stage, less good ones in neurosyphilis; one injection of salvarsan was as good as a full course of mercury. As clinical symptoms are not to be relied on as evidence of cure, control with the W.R. is essential; if the test is positive the disease is active. Edington & Browning (25) also record the effective treatment of a case of ulcerating gummatous syphilide in a congenital syphilitic boy. Emphasis is again laid on the necessity for converting the W.R. to negative before a cure is accepted: this child had been treated with grey ointment when much younger, but the treatment was evidently ineffective as the child's serum was W .R.+ at least ten years later, and he was suffering from a gummatous syphilide and from syphilitic choroiditis and optic atrophy.
Then in 23 Browning & Mackenzie show that rabbits infected intravenously with mouse strains of the trypanosomes of nagana die invariably in 2-5 weeks. One out of ten showed a positive serum W.R. at 19 days, was given 0.1 g arsenophenylglycine per kg on that day, and died 13 days later; post-mortem blood samples gave a W .R .+ + result. One other rabbit was W .R.+ at 19 days, and another gave a feeble positive reaction at 2-3 weeks. The criteria of cure of rabbit nagana were that the animal should remain alive without symptoms for 15 weeks after cessation of treatment, and that 1-2 ml of its blood should not infect mice. On the whole results were satisfactory, but some rabbits proved very refractory to treatment. One out of three rabbits given non-sterilizing doses of arsenophenylglycine developed a positive W.R.
Heated rabbit nagana sera were much more effective in the W.R. than un heated sera, but the possibility that non-deviable complement is involved seems very small, as there is no interference with guinea-pig complement diluted in fresh rabbit serum.
Browning (22) comments on methods for the W.R., and on its value. He sug gests the use of an alcoholic extract of ox liver or heart (1 part organ in 4 parts 96% ethanol; 1 part should be emulsified slowly in 5 parts of 0.85% NaCl) as antigen; inactivated serum from the patient as 'antibody', and fresh guinea-pig serum as complement. Incubate the mixture for 1 h at 37° C and add ox red cells sensitized with specific rabbit amboceptor. Controls should always be included for antigen, serum and complement, 5 or more effective doses of which should be used. The test is essentially quantitative, so it is worth while to include a test to find out whether a lecithin-cholesterol emulsion increases the amount of complement absorbed; if it does, the test is almost certainly positive for syphilis. The only other possibilities are yaws (due to Treponema ), tuberculoid leprosy, the use of blood taken from patients under deep narcosis, just before death or at necropsy, or, more doubtfully, malaria and sleeping sick ness due to Trypanosoma gambiense.Sera from about 100 non-syphilitic pa (mostly cases of chronic tuberculosis) all gave a negative reaction.
The test is occasionally positive before the primary chancre appears; more usually it becomes positive 6-8 weeks after; it is positive in 95% of cases with a rash, and in 75% of cases of tertiary syphilis. Latent syphilis is W .R.+ in only about half the cases. Mothers of syphilitic children may show no symptoms, but half of them have a positive W.R., and symptoms may appear as long as 40-50 years after infection. The treatment recommended is mercury, as grey ointment by inunction or as calomel or mercuric chloride by injection. There is no evidence that mercury affects neurosyphilis, but dioxydiaminoarsenobenzol is effective in some cases.
Browning & Cruickshank in 27 and with Gilmour also in 28 take up again the action of cholesterol and its derivatives on lecithin as 'syphilitic' antigen and as activator of cobra-venom haemolysis. Equimolar amounts of cholesterol, cholesterol bromide and dehydrocholestendione increased absorption of com plement by lecithin and inactivated syphilitic sera; cholesteryl esters form very stable emulsions with lecithin, but their effect on cobra-venom activation is minimal. Any alteration in cholesterol structure reduces its effect in the W.R., but neither the hydroxyl group nor the double bond is essential. Replacement of the hydroxyl group by acetyl abolishes the lytic effect. Cholesterol dibromide fixes complement in the W.R., but there is no real parallelism between the effect in the W.R. and in the activation of cobra venom.
Paper 28 shows that there are differences in structure between lecithins of different origin, and between different samples of the same lecithin. All behaved in much the same way in the W .R.; all were improved as W.R. antigen by the addition of cholesterol; but for activation of cobra venom egg-yolk lecithin was the best, ox-heart lecithin the poorest. Ox-liver lecithin occasionally gives positive W.R. with normal human serum.
In 30 Browning & Watson report that in five out of six cases of paroxysmal haemoglobinuria the W.R. was positive, and that the medical history strongly suggested syphilitic infection in the other. The immune state of the cases was variable: three showed in vitro haemolysis if the blood was cooled; if the serum was heated to 55 °C the haemolytic effect was lost, but immune body might or might not persist. In one case where human red cells were added to heated paroxysmal haemoglobinuria serum at 0 °C for 45 min, centrifuged out and washed, and treated with fresh normal human serum at 37 °C, haemolysis occurred; heated serum from the other three cases showed no sensitizing power. Neither immune body nor complement was absorbed by red cells from paroxys mal haemoglobinuria sera at 37 °C.
In 39 Browning gives an account of syphilis in the British community, as judged from the incidence of positive Wassermann tests. Quite apart from straight-forward clinical cases of syphilis, for which he reports his former per centages of positive W.R.s, he finds positive reactions in 17 out of 25 cases of infantile cardiac disease, 14 of whose mothers had a positive W .R.; of 7 such cases who were W.R. -, all the mothers were also negative-no doubt the cardiac disease was rheumatic; of cases of epilepsy 10%, of mental defect 51%, and of mental deficiency plus physical defect 41%, and of mental deficiency plus epilepsy 45% gave positive W.R.s. Of 104 prostitutes all were W .R.+ , whether they came from poor districts or the best residential areas, and so were all the tramps examined (10 fathers, 14 mothers and 85 children). He comments that effective treatment, preferably in hospitals, with mercury and salvarsan, is essential.
In 40, answering Thiele and Embleton's contention that the use of cholesterol in the W.R. is not only unnecessary but misleading, because it is itself anti complementary, Browning flatly denies that this is so if the test is done properly; and in 41 he again emphasizes the quantitative nature of the test and the variability of complement.
In 55, Browning & Kennaway report a comparison of their own and Fildes's heart extract-cholesterol antigen*; 83% of 360 sera gave the same result with both antigens, but either antigen occasionally gave a negative result when a weak positive was given by the other. They recommend the use of both antigens, and the preservation of sera tested against one for subsequent test against the other, if the case is clinically uncertain. They also suggest (64) that since some sera repeatedly tested against the same antigen may fix different amounts of comple ment, a known W.R. -serum should always be included as a control. In 66 they address themselves to clinicians, who should, they feel, understand the nature as well as the significance of the W .R.; they record that there are small differences in the results of tests carried out by different observers, but recommend that all patients should be Wassermann-tested. They also make the important comment that a diagnosis of syphilis, whether clinical or based on the W.R., does not necessarily mean that all lesions present are syphilitic.
In 70 Browning returns to latent syphilis, comments on means of diagnosing it and quotes cases of prolonged symptom-free infectivity, even with positive W.R., and even after prolonged treatment, followed in some cases by florid syphilis. A positive W.R. means that the organism is still alive, so the W.R. is essential for control.
* A biographical memoir of Sir Paul Fildes appears on p. 317 in this volume.
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Further criteria for a positive W.R. are given in 71, where it is suggested that negatives are those fixing not more than 150% of the complement fixed by a negative control; doubtful cases fix more than 150 and less than 200%; positives fix more than 200%.
In 72 Browning comments on the difficulties of treatment of syphilis with arsenical compounds, even leaving aside reactions due to impurities in the water used for dissolving them: they are colloids, and so cannot be purified by crystallization, nor can their purity be controlled by melting-point determina tions; they may therefore contain traces of other compounds. Neosalvarsan is easier to use, but there is some evidence that salvarsan is more effective. Reactions are not common, but they may be useful in treatment: Browning refers to the rarity of general paralysis in persons who develops a febrile illness soon after acquiring syphilis. [This was later pursued, though not by him, in the malaria treatment of cases of general paralysis.] Drugs should be tested for toxicity in animals, preferably by an independent third party; the best drug, other things being equal, is that which takes the shortest time to convert the W.R. and Sachs-Georgi reactions to negative, or gives the greatest proportion of negatives.
Human sera tested in the W.R. were usually heated to 55 °C for 30 min to destroy complement, to remove anticomplementary properties and to remove natural antibody to sheep red cells. In 77 Browning, Dunlop & Kennaway show that fresh sera may give a positive W.R. even if the same heated sera do not and there is no clinical evidence of syphilis. This effect is due to the methyl or ethyl alcohol in the antigen; unheated sera should therefore not be used, though the effect occurs only with some sera (99).
Biographical Memoirs
Antitrypanosomal drugs
Mice infected subcutaneously with small volumes of Trypanosoma hrucei from cases of nagana show circulating trypanosomes 24 h later and all die by the third day (9). Of the basic triphenylmethanes, triaminotriphenylmethane (parafuchsin), in a dose of 1 mg per 20 g mouse, will clear parasites from the blood for 7-10 days. Cure is rare, but the drug is an excellent prophylactic, for the great majority of mice fed on biscuit containing 0.35% of the oleic acid salt of triaminotriphenylmethane, given an injection of trypanosomes and then again fed on drug-biscuit never become infected. There were, however, occasional failures.
By comparison with atoxyl, which is already in use, acetylatoxyl and paroxybenzylidenatoxyl are more efficient if they are given 24 h after infection (synthesis of paroxybenzylidenatoxyl occurs in animals given paroxybenzaldehyde and atoxyl). Neither drug is trypanocidal in vitro. A single dose of acetyla toxyl, however, though it clears the parasites from the blood, never produces a permanent cure; relapses occur at 7-18 days and lead to death. If three or four doses are given 55% of mice are cured; if one dose is given and the mice are then fed on atoxyl-biscuit most of them are cured. In infections and relapses strain alterations may occur in the trypanosomes, rendering them resistant to drugs to which they were previously susceptible; the resistance extends to drugs of similar constitution. T rypanosomes resistant to trypan blue are resistant to parafuchsin; those resistant to trypan violet are resistant to trypan red and trypan blue. Evidently drugs of different chemical type have different chemorecptors; moral-give a large dose of drug at first, and look out for resistance by tests in mice; if resistance occurs try drug of another constitution; better still try both drugs together from the start.
Mice that are cured of infection with acetylatoxyl are solidly resistant to acetylatoxyl-sensitive strains, but can readily be infected and killed by acetylatoxyl-resistant strains. Further detail is given in 11.
In 80 and 96 Browning & Gulbransen describe a then very curious inter ference between drugs used to treate trypanosomiasis in mice. In mice fed on ordinary food and in those fed with parafuchsin, parafuchsin-resistant trypano somes take equally, increase in numbers and kill mice in 2-3 days. But though in normally fed mice, infections with either original or parafuchsin-resistant strains are treatable with acriflavine, feeding with parafuchsin reduces the effect of acriflavine on both strains. Similar interference occurs between parafuchsin and arsacetin, and ethyl violet and Dobner's violet and arsacetin. Penta-and hexa-methyl violets interfere with the effect of trypaflvine, arsacetin, salvarsan and tartar emetic on both original and parafuchsin-resistant strains. Tryparosan has no such interfering effect, brilliant green very little. No satisfactory simple explanation is available. Paper 103 shows that similar interference may occur between active and inactive isomerides of the same substance. In 98 Browning & Gulbransen show that relapses in trypanosome infections may be cured by treatment without increase in dose of the drug if 2'-(p-acetyl-aminostyryl)-6-dimethylquinoline methochloride (1 ml of 1 in 2000 solution per 20 g mouse) is given on the day the relapse is detected. Cure may be obtained after 6 or 7 relapses.
Next Browning et al. (101, 106) show that anil quinolines have little trypanoci dal effect on T. brucei when they are given to rabbits 3-5 weeks after infection, and that aminostyryl quinolines are not much better. Styryl quinolines are much more effective and less toxic to the host. In both groups of drugs the presence of basic substituents (or at least of acetylamino groups) in one or both nuclei increased the activity. The introduction of halogens (as, for example, in chloracetylamino groups) into styryl quinolines diminishes their activity, in contrast with the increased effectiveness of chloracetylaminoanil quinolines, whose solutions are, because of their acidity and consequent necrotising activity, of little use in man. Acetylation of the amino group usually, but not always, reduced toxity. 7-Acetylaminostyryl quinolines were more effective than the 6-isomers and methosulphates more effective than ethosulphates. 2-/>-Aminostyryl-6-acetylamino quinoline methochloride was very effective at one-fiftieth of the maximum tolerated dose, even in moribund mice. Methylation of 6-amino groups usually increased the toxicity and reduced the activity. 2-Tertiary amino substituents moderately increased the toxicity, but all activity was lost. As 104 shows, of carboxylamido substitutions in anil and styryl quinolines, only those in the 6-position increase effectiveness, only slightly less in anil quinolines than in styryl quinolines.
In 107 Browning et al. refer, among other things, to the production of tumours at the site of injection of 2'-(/>-aminostyryl)-6-(p-acetylaminobenzoylamino) quinoline methochloride; later, in 118, Browning, Gulbransen & Niven showed that this substance formed a deep-purple 2% solution in water, from which it was readily precipitated by serum. A 1 in 100 or 1 in 150 solution, though almost non-irritant immediately on subcutaneous injection, produced in the minority of mice, after some months, induration and necrosis of the skin of the injection area. A mass of large phagocytic cells forms; this may decrease in size, but often growth suddenly accelerates and in 1-2 weeks hardens; in one case the mass grew to 18 g in 7 weeks. The tumour, which may develop in either sex, is a pleomorphic or spindle-cell sarcoma, which infiltrates the surrounding tissues and is transplanted to other mice; it is so far unique in that only one injection is needed to produce it-though it must be admitted that a depot is formed. The drug is unrelated to Kennaway's carcinogens. [The mice used in this experiment were dealer's stock mice.] Mice show great variability in response to this drug.
Browning et al. (107) showed that 2-(/>-aminostyryl)-6-benzoylamino quinoline methochloride also has a strong 'depot' effect in T. hrucei infections* as compared with the powerful but transient effect of the dimethylamine com pound. There is, however, no immunity to T. hrucei after cure with this drug, and mice are very variable in their response to it.
Trypanosoma congolense is a parasite of cattle, readily transmissible to mice, in which it produces either (a) an increasing parasitaemia with death in 3-11 (occasionally 15) days, or (6) appearance of parasites in the blood, then their disappearance, followed by reappearance and increase and death in ca. 11 days, or ( c) a disease in which the host remains alive for months with irregular re lapses. Such a variety of responses to infection makes assessment of chemothera peutic agents difficult, so Browning, Cappell & Gulbransen (111), after failing to get a more consistent response by reducing the dose of trypanosomes (the only effect was to increase the incubation period to 24-51 days!), tried to increase the virulence of the strain by splenectomizing the host mice 1 day before in fection or 1-7 days after. The results were inconclusive, and reticulo-endothelial blockade with iron saccharate had a no more decisive effect.
Then in 114 Browning & Gulbransen showed that a strain of T. hrucei from a dog bitten by 'wild fly' in Uganda, passaged six times in guinea-pigs and then in mice, showed little variability in incubation period over numerous passages, but tended to kill the host sooner in later ones. More interestingly, in the first to eighth mouse passage the trypanosomes were resistant to treatment with any trypanocidal drug; in later (34th-290th) passages the infections were usually curable.
Tryparsamide alone and styryl 245 alone have some effect on T. hrucei infections in mice; treatment with both drugs has an effect much greater than addition of the two drug effects would lead me to expect-i.e. they are synergistic (116).
Immunity after cure of experimental T. brucei infection in mice is markedly dependent on the strain of trypanosome used to infect and to challenge. Rabbits infected with a particular strain of T. brucei and cured with the rapidly excreted drug styryl 314 {(2,-p-acetylamino)-6-(dimethylamino) quinoline methosulphate)} show a high-grade resistance to inoculation with the same strain for 2-3 years; horses similarly treated become susceptible 4-8 weeks after cure. There is some protective substance in the serum of resistant rabbits by which mice can be passively 'immunized', so that the incubation period after injection of trypanosomes and cured rabbit serum is significantly increased ( 120).
Browning etal. (122) then turn to the effect of phenanthridinium compounds, and find that (A) 7-amino-9-paraminophenyl-10-methyl-and (B) 3-acetylamino-9-paracetylaminophenyl-10-methyl-phenanthridinium chloride will cure T. brucei (Paris strain) infections if they are given 24 h after infection; the dose of B is 2.5 mg per 20 g mouse, as against 1 mg for A. Mice infected with two strains of T. congolense were also cured by A. Acetylation of both amino groups leads to loss of activity, and so does removal of the 10-methyl group; de-acetylation of the two acetylamino groups in B has the same effect.
These substances provide new trypanocidal agents. They should be given when trypanosomes are numerous in the blood; their prophylactic effect is slight -animals become susceptible 4 days after a single dose is given. No necrosis is produced even after a large dose. Rabbits given 0.005 mg per kg intraveneously as a 1 in 400 solution suffer no illness; 0.013 mg per kg is often rapidly fatal; 0.01-0.013 mg per kg may cause illness from which rabbits recover without lasting effects. Mice may show convulsions and possibly blindness with thera peutic doses, but always recover.
Browning & Calver (128) then show that immunity after treatment depends on the stage of infection at which the challenging organisms are obtained. They used two strains of T. congolense to infect mice. Strain I produced infections with a relapsing course, strain II a more severe infection with death in a few days to several weeks, with little variation in the number of parasites in the blood. Strain I responded much better to trypanocidal drugs than strain II, and immunity after cure of strain-I infections was much commoner than after cure of strain-I I infections and lasted much longer; there was no cross-immunity between the two strains.
When a trypanosome strain is growing rapidly in the blood of the host, i.e. at 'acme', treatment is much more effective than when the chronic stage is reached. If animals cured by drug treatment are reinoculated with the same strain (I) derived from animals at the acme stage of infection, they may appear solidly immune; if the strain is derived from chronic infections, cured animals re inoculated with may show no immunity. About half the relapses in animals infected with strain II can be cured by retreatment without increase in the dose of drug; drug-resistance occasionally develops.
The work on immunity is continued in 139, where it is suggested that the difference between 'acme' and 'chronic' strains is due to antigenic flux, and the Carl Hamilton Browning 201 authors come to the gloomy conclusion that active immunization is unlikely to combat the spread of natural T. congolense infections. In 134 Browning et al. compared the effects of some phenanthridinium compounds and Bayer 7602 on T. cruzi infections in mice, by giving the drug as soon as scanty parasites appeared in the blood. 3-Carbethoxyamino-9-pcarbethoxyaminophenyl-10-methyl phenanthridinium chloride (or the methane sulphonate, which is more soluble in water) and 2,7-dicarboxyethyl-9,10-dimethyl phenanthridinium sulphate, with no aromatic group in the 9-position, had some effect. The first compound cured 13 mice out of 70 and suppressed the infection for a short time in a further 18; the figures for the second drug were 5 cured out of 74 and 21 suppressed. The figures are not much better, if at all, than those for Bayer 7602.
In 136 Browning et al. try the effect of 2,7-diamino-9-phenyl-10-methyl phenanthridinium bromide (dimidium bromide) on T. congolense infections (three strains), and show that it is of value over a narrow range of dosage. They also find that the diamino is more effective than the monamino compound, which is also more toxic; amido substitution of the NH2 group also reduced the therapeutic effect, but reduced the toxicity also. 3-Carboxyaminophenyl-10-methyl phenanthridinium chloride is inactive against T. congolense or T. cruzi except in the highest tolerated doses, and even then about 50% of cases relapse. There is no cross-immunity between strains I, II and I I I ; mice cured of strain-I infections show a long-term immunity; 50% of cured strain-II cases relapse; 10% of cured strain-III cases can be reinfected with strain III (see also 137).
Antiseptics
In 36, after a general comment on the relative susceptibility of Staphylococcus aureus, Bacillus anthracis and Escherichia coli to various dyes, Browning & Gilmour state that hexamethyl or hexaethyl substitution of the amido groups of triamido-triphenylmethane increases its limited bactericidal activity, but hexamethyl-ethyl bromide substitution is less effective. The diamidotriphenylmethanes are weak bactericides, more effective against S. aureus and B. anthracis than against Salm. typhi and E.
c o l i , in that order. I methyl-or ethyl-substituted to yield malachite green or brilliant green, the bactericidal power is markedly increased, to the level of that of hexamethyl and hexaethyl violets.
Substitution of one or more methyl groups in the benzene rings, or the amino group, or both, reduces the bactericidal power of acridines.
Serum diminishes the bactericidal power of mercuric chloride and 4-chloroo-phenol, slightly that of hexamethyl violet, markedly that of brilliant green and most markedly that of 4-chlor-o-biphenol.
In 58 Bonney & Browning comment that most antiseptics have little pene trating power, and are reduced in activity by albuminous substances; infected epithelial squames deep in wounds may have to be dealt with. Varnishing of wounds they find of little use if much manipulation is required, and recommend the use of a 2% solution of equal parts of crystal violet and brilliant green in rectified spirit, diluted to 1% with water and applied 6 h before operation. I he skin is stained an intense purple-black for 7-14 days afterwards, but the antiseptic does stain grossly infected areas, even the perianal skin. Its sterilizing power is equal to that of 2.5% iodine in spirit, and better then 1% iodine, and it will even kill B. subtilis, an organism resistant to high concentrations of most antiseptics, in 15-30 min. [This is, I suppose, Bonney's 'blue paint', which was in very effective use for sterilizing the perineal skin and vagina in the labour wards when I was being trained in obstetrics in 1930.] In 48 Browning et a l . introduce the antiseptic for which they are most lik to be remembered-flavine (diamino-methyl acridinium chloride); it is effective, even sometimes enhanced in activity, by undiluted serum, can be used effectively at dilutions that do not inhibit phagocytosis, and is non-irritant in therapeutic concentrations, even to the rabbit conjunctiva. Solutions can be boiled or auto claved at 120 °C, and can be injected intraveneously in concentrations below 1 in 1000. It gives no pain on application to wounds (brilliant green is not usually irritant when first applied, but may become so if it is used for more than 14 days), and is a good prophylactic antiseptic.
In 49 Browning points out, in answer to a letter to the Editor of the Br. med.J. from Capt. W. Parry Morgan (who thought that antiseptics should act in a thick suspension of infected corpuscles in liquor puris, and that flavine might be the best so far) that removal of dead tissue in wounds is essential before antiseptics can be expected to work, and experience shows that if this is done, flavine is very effective. In 50 Browning acknowledges the help given him by the Medical Research Committee in developing flavine, which they have, for good reasons, rechristened acriflavine. In 51 Browning et al. point out that, as the action of flavine and proflavine is slow, tests of the Rideal-Walker type for anti septics are unlikely to give reliable results, and suggest a substitute test in 75. They also suggest that it might be possible to use it intraspinally. The exudate should not be washed away from wounds, as the flavines are more effective in serum; the necessity for operative procedures in dealing with wounds before flavine is used is again emphasized.
In 52 Browning replies to a challenge from Alexander Fleming, who in a letter to the Editor of the Lancet stated that the theoretical basis for the use of flavine was thoroughly unsound, and that there seemed to be nothing to specially recommend it as an antiseptic for use in septic wounds. Fleming also stated that flavine was an anticoagulant, that it inhibited leucocyte migration and had a leucocidal action, that it was removed rapidly from the blood, and that the number of organisms used in the in vitro tests was very small. Fleming's criti cisms, made in his usual forbiddingly gloomy style, annoyed Browning, who was then far less readily irritated than he later became, intensely, but he did his best to reply to them [the letter is in fact a gem of its kind], but without provoking anything more than another very critical letter in the , to which Browning sent no answer. Subsequently (53), he stated that he had done tests against large numbers of bacteria, and that the bacteriostatic effect of flavines is little affected by very large increases in the numbers of bacteria. Then (54) Browning & Ligat, Carl Hamilton Browning 203 204 answering a letter from R. T. Hewlett to the Editor of the , emphasize that flavine packs should be soaked, not wrung out, and Browning repeats this advice in 56.
In 59 Browning & Gulbransen showed that intravenous proflavine will save some mice, though not all, from intraperitoneal infection with virulent pneumo cocci. In 63 they state that enhancement of bactericidal activity by serum is also shown by diamino-acridines methyl-substituted in the rings or side-chains. Diaminoacridine sulphate is better for intravenous work. Methyl substituents are apparently essential for trypanocidal activity. As flavines are excreted in the urine, they may be useful in urinary infections. A further investigation of flavine effects is reported in 67: treatment with flavine should be stopped if it interferes with wound healing; charges that serum is a poor medium for growing E. coliy so that in flavine treatment one gets an additive effect of poor growth in serum and flavine activity are convincingly rebutted; it is admitted that pus d im in ish es the effect of acriflavine, so that removal of pus and necrotic tissue is essential. Pseudomonas aeruginosa is not affected by 1 in 10 000 flavine, but most other organisms are less resistant.
In 68 Browning et al. show that the efficacy of aminoacridines rises with increase in />H, whereas that of mercuric chloride falls. Papers 73 and 74 give figures for the maximum tolerated dose of proflavine sulphate for mice, rabbits and monkeys, and by extrapolation for man, and the claim is made that at appropriate concentrations flavines stimulate phagocytosis. A large number of substituted quinolines, pyridines, phenazines and acridines are tested against Staph, aureus and E. coli: few are equal to proflavine, none is better. On the whole the methochlorides are never less potent in serum than the hydrochlorides, and many of the substances are less effective in serum than in water. Some few of the phenazines are active against Staph.
, less so against E. coli (74, 75). In 76 Browning et al. show that carbocyanine and alkylated isocyanines, which are used to sensitize photographic emulsions to light of various wave lengths, have some antiseptic powers. Sensitol red, for instance, is very effective against staphylococci, but its effect is reduced by serum, as is that of sensitol violet. The effect of sensitol green on E. coli is, however, enhanced by serum. Paper 78 gives a general summary of the use of synthetic dyes as chemothera peutic agents against bacteria, spirochaetes and protozoa, and there is a later one in 146.
In 79 Browning divides non-venereal infections of the urinary tract into obstructive, in which the treatment is mainly operative, and non-obstructive, where surgery has little place. He discusses the value of vaccines, which he rather unconvincingly admits may have some value, and then deals with hexamine, acriflavine and proflavine, and mercurochrome, and comes down in favour of mercurochrome, at any rate in bladder infections. Hexamine decomposes too slowly to be effective in low dosage, and flavines require an alkaline urine for useful activity. Bennett et al. (81) give a general survey of the treatment of localized pyo genic infections, and confirm the admirable qualities of gauze soaked in flavines, show that the yellow pellicle so often referred to is formed only when the dressings are allowed to dry, and that there is no delay in healing and no effect on the development of granulation tissue or the incursion of epithelium in flavinetreated wounds. I hey even recommend immediate grafting over the cleaned and flavine-treated wound. Varicose ulcers, they say, heal well, though rest in bed is essential to deal with the oedema. Carbuncles treated with flavine have healed well without grafting. Septic hands, if well drained and opened up by undercut incisions, may be secondarily sutured after treatment with flavine. There have been no important histological changes in the wound surface, and though leucocytes, and especially their nuclei, from such areas stain poorly with haematoxylin in eosin, they stain well with eosin and methylene blue. (See also 111, and 121 for the characteristics of an ideal antiseptic, and a reference to prontosil and sulphanilamide, and 126 for their use.)
In a letter to the Editor of the Br. med. jf. (89) Browning suggests that there must have been an error in the Epitome in a previous issue, in which 5-15 g trypaflavine are recommended for daily intravenous use; he says that 0.3 g is the maximum safe single dose. The Editor replies that the doses recommended were those given by the authors quoted in the Epitome. [Did they mean grains ?]
Browning & Gulbransen then show (90) that flavine locally applied is much more effective than phenol, Bipp (bismuth-iodoform-paraffin paste) or 5% NaCl in curing guinea-pigs with experimental wounds infected with Corynebacterium diphtheriae. They also show (100) that if streptococci are mixed with flavine or rivanol solutions and injected into the thick skin of the guinea-pig's back, the phlegmon that would be formed if the streptococci were injected alone does not develop at appropriate dilutions of the drug. There does not appear to be much difference between flavine and rivanol in this respect, but much more difference between mice. The whole matter is well summarized in 127.
Boyland gets a sharp reply (147) when, noting that acridine orange is car cinogenic, he suggests that the closely related flavines do not seem to have been adequately tested for carcinogenicity. Browning states that in 1937 Kennaway had done experiments that showed that acriflavine and proflavine painted on mouse skin had no carcinogenic effect, and, moreover, that 50 years' world-wide use of the drug without any sign of carcinogenicity constituted a stupendous record. Indeed, anticarcinogenic properties have been ascribed to some acridine compounds; generalizations of pathogenic properties based purely on chemical genealogies require to be made with the utmost reserve.
Paper 124 provides a general summary of the value of sulphonamides at that time (1939) and points out that sulphapyridine has a wider spectrum of activity than sulphanilamide, and is unlikely to be broken down in the body to yield it. The prophylactic value of sulphonamides is evident, but antiseptics are still necessary when infection develops. Paper 129 reports the history of treatment of experimental streptococcal infection by a drug of sulphonamide type; sterilization of the infecting organism occurred in about a third of 100 mice; the rest went on to a progressive septicaemia, sometimes preceded by clearing 206 of the organisms from the blood for 1-7 days. The authors conclude that there are variations in the defences of the host; this matter is again taken up in 85. Browning et al. (97) showed that mice may be infected with Spirillum laveranii (Sp. muris Wenyon) by subcutaneous injection of infected blood; the spirillum is then found in the blood of infected mice in small numbers; these usually increase and persist for long periods, with some variation in numbers until after many months they become scanty. The infection is treatable with salvarsan.
Spirillum infections
A large number of bismuthyl derivatives of organic acids was tested; all had some capacity to clear organisms from the blood, but in most cases the organisms reappeared there, even when the maximum tolerated doses were used. There was little difference in toxicity, except that bismuthyl thiobenzoic acid was distinctly more toxic than the others, especially in producing loss of weight. The therapeutic effect of bismuth-containing drugs is usually regarded as proportional to their bismuth content, not to the nature of the substituents; nevertheless, only saccharic-, lactobionic-, mannonic-, tartaric-and citric-substituted bismuthyl compounds cured. Local irritation occurred at the site of injection of bismuthyl compounds, and none of them seemed better than finely divided bismuth or iodobismuthate of quinine. Paper 119 deals with the criteria of cure of spirillum infections, and 117 with in vivo spirillicidal tests of metal-and metalloid-free styryl and anil quinolines. Only 2'-(^>-dimethylamino anil)-6-acetylamino quinoline methochloride appeared to have any value, and this substance was too irritant to the tissues to be used. There appeared to be no relation between spirillicidal properties and chemical structure.
Odd papers
These are a very heterogeneous batch, most of which need little comment. Paper 22 is a good account of methods of isolating Salmonella typhi from typhoid cases, and of the treatment of typhoid cases and carriers. Papers 35 and 37 suggest the use of brilliant green in various concentrations, supplemented in 42 and 47 with potassium tellurate, in liquid medium for isolating Salmonella typhi from faeces. In 57 Browning suggests that some strains of Shigella dysenteriae that do not agglutinate with type sera may be new types. Paper 95 is an interest ing discussion of the difficulties inherent in understanding the complexities of immune reactions, particularly those involving complement. Paper 47 is an admirable account of the symptomatology and treatment of tetanus (tetanus toxoid was then unknown); 109 is a thoughtful account of supersensitiveness; 86 and 93 deal with experimental tuberculosis in mice, and point out the varia tion in mouse susceptibility to tubercle bacilli; 114 is a good account of the common cold; 130 is an exceptionally thoughtful account of problems of infec tion, which even considers malignant tumours as possible examples.
In 61 Browning & Russ demonstrate, by an ingenious method, that the bactericidal power of ultraviolet light at particular frequencies is associated with selective absorption by the bacteria of light at these wave-lengths; a short addendum (62) states that Barnard & Morgan ( R. Lond. 1903, 72, 126) had found similar boundaries for the bactericidal effect of ultra-violet light.
Paper 138 deals with dwarf-colony forms of Staphylococcus pyogenes produced by growing the organisms on media containing antibiotics and antiseptics in con centrations incapable of preventing growth completely; some were stable on subculture. They were normal in microscopic morphology, but grew more slowly than their parent cultures, and either failed to grow or grew poorly on minimal synthetic media. They had either minimal haemolytic power on blood agar or it was entirely lost; they still produced coagulase. Dwarf colonies may also be produced by inoculating half a slope of Staph, pyogenes heavily on a nutrient plate containing 500 units streptomycin/ml, or even occasionally by growing it on media without antibiotics.
Papers 17 and 69 deal with the properties of an antisubstance ( ? antibody) to globin. There are several rather solid textbooks, and a group of obituary notices.
But the most entertaining of all the papers are those two devoted to medical education and practice, both of which are well worth reading today. His views are entirely personal and, whether one agrees with them or not, they are a joy to read. I quote: 'Speaking as one who was in his day a first-class examinational performer, experience has taught me that capacity to excel in examinations is an art by itself; it may be associated with unusual gifts; on the other hand it may be the possession of some who lack the mental qualities that make a human being specially valuable, such as originality or even a good measure of common sense, not to mention enthusiasm for the subject of their studies' (133). If a student must be discarded, he should go after the 2nd Professional Examination; he has had a good chance of passing, and if he does not he has had two years of liberal education. Teachers should regard teaching and close contact with students as education for themselves; research is essential for teachers. There should be no discards after the third year.
'Written examinations are a minor part of testing students' progress; look out for powers of observation and evidence of sound judgement and ability to draw conclusions. If English, including history and geography (not limited to the British Empire), is made sole evidence of endurance, little is lost. It is insane to take anatomy with the four other subjects in the first year. Practical work is invaluable if it is limited to one subject-the one that the candidate prefers. The difference between fact and theory in Physiology should be emphasized by a different colour for facts. " I have a strong predilection for facts".' Paper 148 is the written form of his Kettle Memorial Lecture, given when he was 86; I was present, and marvelled at his capacity to put his case for pathology as a liberal subject, and his comparison of his own early training with what he obviously regarded as an unfortunately necessary but certainly inferior modern one. He wandered a little occasionally, it is true, and I do not suppose that what he said will make any difference; but it was a delight to hear. 208 
Biographical Memoirs
Final comment Much of Browning's work has been overtaken by time. Complement is known to be a far more complex substance (there are at least nine components known now instead of the three then guessed at) than anyone then suspected; the Wassermann reaction is rapidly being replaced by more specific tests for syphi lis, and where it is used, is not often performed in the way Browning recom mended; antibiotics have largely taken the place of antiseptics and similar substances, and far more is known (or supposed to be known) about most things. But every piece of work he did was directed at some serious problem, and he always added to knowledge when he investigated it. I find it difficult to imagine how, with only a small staff and the resources of a University department, admittedly with outside grants, he managed to get through the vast amount of work he did.
Perhaps some of it might, in the light of modern knowledge, be criticized for the use of relatively small numbers of heterogeneous mice; certainly Boycott criticized him for some defects in his experimental work. As I was not there, I cannot quote what Browning said, but I have heard that it was a charming and disarming, and possibly an adequate answer.
He would, I imagine, have cared little for fame, but if the only serious thing he had done was to discover the antiseptic powers of flavines, he deserved to be famous. Something like it was a necessity at the time, and he produced it, and thereby probably saved hundreds of thousands of lives.
The quality of his work speaks for itself-the concentration on essentials, the thorough and careful working out of method, the entirely honest assessment of results; but I would prefer to remember his kindness. It shines out obviously enough in the reminiscences of others who knew him better than I did, but I remember my own experience. I had thought him a rather cantankerous old man, but when I was elected into the Royal Society, he came to see me, to wel come me in. I was delighted, saw him in a new light, and was honoured, and very touched. I understand that it is not the Society's practice to send an estab lished Fellow to welcome a new one, and that Browning had done it because it had not been done to him, and because he enjoyed it. I recommend it to the Society's consideration.
Truly, as Sir James Howie once said: 'The wee man was a great man.' My knowledge of Browning was limited to the end of his life and he left no Personal Record with the Society, so I have had to depend on the knowledge of people who knew him better. I should therefore like to thank all those mentioned here for the information they have so kindly sent me, and particularly his son Paul Browning for a vast amount of information otherwise unobtainable. 
